Summary. Hybridization histochemistry has been used to detect the presence of mRNA for the \ g=a\and \ g=b\ A subunit of inhibin in tissue sections of the ovary of cows. 32P-labelled cDNAs, complementary to the bovine \g=a\or \ g=b\ A subunit of inhibin or to a control segment of plasmid DNA (pBR 322), were used. The \g=a\subunit mRNA was located in the granulosa layer of antral follicles >0\m=.\36mm in diameter while the \g=a\and \ g=b\ A subunit mRNA were both present in follicles of >0\m=.\8mm. In these latter follicles, the thecal layer hybridized with only the \ g=a\ subunit mRNA. No hybridization of the \ g=a\ or \ g=b\ A subunit probe was found in the cells of the corpus luteum. Hybridization of both probes was abolished when the tissue sections were pretreated with ribonuclease (RNAse). The plasmid cDNA did not hybridize to any of the tissue sections. This study demonstrates that mRNA for the \g=a\inhibin subunit can be detected in granulosa and theca cells whereas the \ g=b\ A inhibin subunit mRNA is restricted to the granulosa cells. These results provide evidence for an independent regulation of expression for the two subunits of inhibin.
Introduction
Inhibin is a non-steroidal peptide hormone of gonadal origin that selectively suppresses FSH secretion from the pituitary. Ovarian follicular fluid is a rich source of inhibin which has been used as the starting material for the isolation and purification of inhibin by several groups (Robertson et al., 1985 Miyamoto et al., 1985; Ling et al., 1985; Rivier et al., 1985; Fukuda et al., 1986) . Inhibin has a molecular weight of Mr 31 000 and is composed of two disulphide-linked polypeptide chains of Mr 20 000 and Mr 15 000 termed \g=a\and \g=b\A,respectively. The Mr 20 000 subunit is a processed form of a larger Mr43 000 subunit (Robertson et al., 1985) . Cloning of the genes for the inhibin subunits from cattle and pig (Mason et al., 1985) granulosa cells has established that the \g=a\and \ g=b\ A subunits are both products of different genes.
In-vitro studies have shown that the granulosa cells are the major production site of inhibin in the ovary (Erickson & Hsueh, 1978; Henderson & Franchimont, 1981 . Immunohistochemical studies in the rat and human ovary also support these findings (Merchenthaler et al., 1987; Woodruff et al., 1988) . Because many of the early studies used pools of granulosa cells or follicular fluid to measure inhibin, rather than samples from individual follicles, they provided no conclusions as to the production of inhibin by specific follicles. However, Tsonis et al. (1983) and Henderson et al. (1984) have examined inhibin activity in sheep follicular fluid from isolated follicles greater than 1\ m=. \ 4 mm in diameter. Both groups showed a positive correlation between follicular diameter and the inhibin content of follicular fluid. In the present study we have used the technique of hybridization histochemistry to investigate the cellular distribution of the mRNA for the and ß subunits of inhibin in the ovary of cows.
Materials and Methods
Preparation of tissues. Ovaries from 20 cows were obtained from the abattoir and frozen in a hexane/solid C02 slurry, cut into 1 cm3 blocks, embedded in O.C.T. compound (Tissue Tek, Miles ). This probe is homologous to the ß subunit of pig inhibin (Mason et ai, 1985) . The third probe used as the negative control was 1600 base pairs of bacterial DNA (pBR322). cDNA probes were labelled with 32P according to Feinberg & Vogelstein ( 1984) (Figs 3c & 3d) . In some follicles the intensity of hybridization appeared to be greater in the periantral granulosa cells (Figs 4c & 4d) , and in 4 of the follicles it was difficult to establish any localization of the ß probe due to the high background. The ß subunit probe did not hybridize the thecal layer in any of the follicles examined. In the two largest follicles (150 and 200mm in diameter) a strong autoradiographic signal was seen over the granulosa layer with the and ß probes (Figs 5a & 5b; 5c & 5d) . Tissue sections of corpora lutea from the four functional classes described by Ireland et al. (1980) , which are classified according to time after ovulation, failed to hybridize with any of the probes (Figs 6a & 6b) . (1986) in the sheep, which showed a decline in inhibin secretion following electro-cauterization of all visible follicles greater than 0-5 mm in diameter, support the view that mRNA for both inhibin subunits in follicles >0-8 mm in diameter reported herein may be equated with inhibin production. Several of the larger follicles examined (10-3 0 mm) failed to localize the probe in the granu¬ losa and thecal cells or the ß probe in the granulosa cells. Tsonis et al (1983) reported that the inhibin content in follicles could vary significantly and suggested that this variability may be due to atresia of some of the follicles. Regrettably, no assessment of atresia was possible in the prep¬ arations used for in-situ hybridization since the need for frozen sections resulted in relatively poor quality preparations. These were unsuitable for histological assessment of atresia according to the criteria of Hay et al (1976) and Moor et al (1978) . In a large proportion of follicles expressing the subunit for inhibin, no mRNA for the ß subunit could be detected. The more widespread distri¬ bution of subunit mRNA supports the biochemical observations of Mason et al (1985) who noted a 10-fold excess of pig ovarian mRNA for the subunit in comparison with that for the ß subunit. A separate dot blot study in cattle ovaries (R. G. Forage, unpublished data) using and ß subunit probes of similar length (410 and 450 bp, respectively) and specific activities (1-2 106 c.p.m.^g) has confirmed the differential ratio between the and ßA mRNA. Studies by Bicsak et al (1988) have demonstrated high levels of free inhibin subunit, but not ß subunit, in conditioned media from rat granulosa cells and in granulosa cell extracts. Our observations in cattle ovarian follicles in situ suggest that expression of the ß subunit may be the rate-limiting step in the formation of the inhibin dimer. It is clear that studies of the regulation of the expression of the and ß subunits will be crucial in understanding the secretory capacity of follicles for inhibin.
The increased intensity of the hybridization of cDNA probes over the antral granulosa cells in some follicles suggests the existence of subpopulations of granulosa cells within a given follicle. Recent immunolocalization of another follicular protein, follicle regulatory protein (FRP) , has also demonstrated a heterogeneous distribution of staining within the granulosa cell layer (Fujimori et al, 1988) . The concept of granulosa cell subpopulations is not novel. Mural granulosa cells of rat follicles contain more LH/hCG receptors (Amsterdam et al, 1975; Midgely, 1979) and are more active in steroid production (Golding et al, 1986; Zlotkin et al, 1986) . Conversely, prolactin receptors are more abundant (Dunaif et al, 1982) and the incorporation of [3H]thymidine is greater in antral granulosa cells (Hirshfield, 1986) . The preferential localization of the inhibin mRNA in antral granulosa cells and its high concentration in follicular fluid indicates that this protein may contribute to the microenvironment of the follicle. The regulation of inhibin production by factors known to stimulate granulosa cell differentiation (Bicsak et al, 1986 ) supports a role for inhibin in intrafollicular granulosa cell differentiation. Further in-situ studies are required, however, to determine the regulation of inhibin subunit expression by these factors in individual follicles.
Synthesis of inhibin by the corpus luteum is implied by the demonstration that serum inhibin concentrations are elevated in the luteal phase of the human menstrual cycle and, when combined with the detection of the inhibin subunit mRNA in rat and human luteal cells (Davis et al, 1986 (Davis et al, , 1987 Tsonis et al, 1987) , supports the view that the luteal cells are a source of inhibin. This view is further supported by the detection of inhibin in rat luteal cells by immunocytochemistry using an antiserum to a synthetic fragment of the pig inhibin subunit (Cuevas et al, 1987; Merchenthaler et al, 1987 ). In-situ hybridization studies in the rat during the oestrous cycle, however, have failed to demonstrate any localization of inhibin subunit mRNA in luteal cells (Woodruff eí al, 1988) . Moreover, studies by Henderson & Franchimont (1983) and Hasegawa et al (1988) of the bovine corpus luteum, unlike those of the rat and human, failed to detect inhibin by radioimmunoassay or bioassay. These results are supported by those of Rodgers et al (1989) who failed to detect mRNA for the and ß subunits of inhibin in the corpora lutea of cattle and sheep. The results of the present study are confirmatory in showing no hybridization of cDNA probes for either inhibin subunit in the bovine corpus luteum. These results suggest that the production of inhibin by the corpus luteum may be species specific.
